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In a pneumatic tire comprising a carcass, a belt 
arranged at the outside of the carcass in a radial 
direction and comprised of at least two belt 
layers, at least one belt reinforcing layer arranged 
so as to overlap with the belt and extend over a 
widthwise outer end thereof, and a tread rubber 
arranged at the outside of the belt in the radial 
direction, a pair of split auxiliary belt layers are 
arranged so as to overlap at least with both 
widthwise outer end portions of a widest-width 
belt reinforcing layer and reinforcing elements 
having an inclination angle different from that of 
reinforcing elements in the belt reinforcing layer 
are embedded in the split auxiliary belt layer for 
decreasing the wearing rate at the tread end 
portion of the tire to effectively control irregular 
wear. 
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(54) PNEUMATIC TIRE 



(57) In a pneumatic tire comprising a carcass, a belt 
arranged at the outside of the carcass in a radial direc- 
tion and comprised of at least two belt layers, at least 
one belt reinforcing layer arranged so as to overlap with 
the belt and extend over a widthwise outer end thereof, 
and a tread rubber arranged at the outside of the belt in 
the radial direction, a pair of split auxiliary belt layers are 
arranged so as to overlap at least with both widthwise 
outer end portions of a widest-width belt reinforcing lay- 
er and reinforcing elements having an inclination angle 
different from that of reinforcing elements in the belt re- 
inforcing layer are embedded in the split auxiliary belt 
layer for decreasing the wearing rate at the tread end 
portion of the tire to effectively control irregular wear. 



FIG. 7 



36a 




EP 1 403 096 A1 



Description 

TECHNICAL FIELD 

[0001] This invention relates to a pneumatic tire capable of controlling rapid wearing at an end portion of a tread. 
BACKGROUND ART 

[0002] In general, the pneumatic tire comprises a belt comprised of at least two cross belt layers, reinforcing elements 
embedded in which layers being crossed with each other with respect to an equatorial plane of the tire. In JP-A- 
2000-20321 5 is disclosed a pneumatic tire wherein at least one belt reinforcing layer having a width wider than that of 
the belt layer, in which plural reinforcing elements are embedded therein so as to extend in a circumferential direction 
while bending in wavy or zigzag form, is further provided for controlling separation failure at a widthwise outer end 
portion of the belt layer to improve a belt durability. 

[0003] However, an outer surface of a tread portion in the pneumatic tire including the tire disclosed in the above 
publication is generally constructed with an arc having a single radius of curvature or a plurality of arcs having different 
radii of curvature for properly holding a ground contacting shape or a ground contact pressure, and shaped into a 
convex form increasing a radius (distance from a rotating axis) from both tread ends toward the equatorial plane of the 
tire. 

[0004] When the outer surface of the tread portion is shaped into the convex form as mentioned above, there is a 
problem that irregular wear is caused because a force directing forward in a traveling direction (driving side) in the 
vicinity of the equatorial plane of the tire and a force directing backward in the traveling direction (braking side) in the 
vicinity of the tread end are applied to the outer surface of the rotating tread portion in accordance with a size difference 
(difference in peripheral length) to increase a wearing rate at the tread end portion. Such a problem or wearing at the 
tread end portion becomes more remarkable when the pneumatic tire is particularly mounted onto a driving wheel of 
a vehicle because the backward force becomes larger. 

[0005] Now, the inventor has made various studies with respect to a wear generating mechanism in the tread end 
portion of the pneumatic tire disclosed in the above publication and obtained the following knowledge. That is, as shown 
in FIG. 10, when the force directing forward in the traveling direction is applied to the vicinity of the equatorial plane of 
the tire and the force directing backward in the traveling direction is applied to the vicinity of the tread end during the 
rotation of the tire, the tread portion is subjected to shearing deformation. Even when widthwise outer end portions of 
one or more of widest-width belt reinforcing layers are existent outside a widthwise outer end of a wider-width belt layer 
in the widthwise direction, since the embedded reinforcing elements extend substantially in the circumferential direction 
and shearing rigidity in the circumferential direction at the outer end portion of the belt reinforcing layer is small, the 
shearing deformation becomes violently large at the tread end portion corresponding to the above outer end portion 
and hence a large slippage to a road surface is always generated and the wearing rate at the tread end portion becomes 
large. 

DISCLOSURE OF THE INVENTION 

[0006] The invention is based on the above knowledge and is to decrease the wearing rate at the tread end portion 
to effectively control irregular wear in the pneumatic tire provided with the widest-width belt reinforcing layer. 
[0007] In order to achieve the above object, the invention lies in a pneumatic tire comprising a carcass toroidally 
extending between a pair of bead portions, a belt arranged at the outside of the carcass in a radial direction and 
comprised of at least two belt layers, plural reinforcing elements embedded in which layers being crossed with each 
other with respect to an equatorial plane of the tire, at least one belt reinforcing layer arranged so as to overlap with 
the belt and extend over a widthwise outer end thereof and embedding plural reinforcing elements therein each ex- 
tending substantially in a circumferential direction while bending in a wavy or zigzag form, and a tread rubber arranged 
at the outside of the belt in the radial direction, characterized in that a pair of split auxiliary belt layers are arranged so 
as to overlap at least with both widthwise outer end portions of a widest-width belt reinforcing layer and comprised of 
at least one ply containing plural reinforcing elements embedded therein at an inclination angle with respect to the 
equatorial plane different from that of the reinforcing element in the widest-width belt reinforcing layer. 
[0008] Since both widthwise outer end portions of the widest-width belt reinforcing layer do not overlap with the belt, 
the shearing rigidity in the circumferential direction is small as previously mentioned. In the invention, however, the 
split auxiliary belt layer is arranged so as to overlap with the above end portion and the inclination angle of the reinforcing 
element embedded in the split auxiliary belt layer with respect to the equatorial plane S is different from that of the 
reinforcing element in the belt reinforcing layer, so that the reinforcing elements in both the layers are crossed with 
each other to strengthen the widthwise outer end portion of the widest-width belt reinforcing layer and hence the shear- 
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ing rigidity in the circumferential direction at the tread end portion becomes large. 

[0009] As a result, even when the force directing forward in the traveling direction is applied to the vicinity of the 
equatorial plane of the tire and the force directing backward in the traveling direction is applied to the vicinity of the 
tread end during the rotation of the pneumatic tire, the shearing deformation at the tread end portion is effectively 
controlled, whereby the slippage between the tread end portion and the road surface can be reduced to decrease the 
weanng rate at the tread end portion to thereby effectively control the occurrence of irregular wear 
l °°2!!l , 3 preferable embodiment of the invention, when the split auxiliary belt layer overlaps with only the widest- 
width belt reinforcing layer and an axial distance from the equatorial plane of the tire to the tread end (tread half-width) 
is W, a width H of the split auxiliary belt layer is within a range of 0.10W-0.60W and a distance M from the equatorial 
plane of the tire to a widthwise outer end of the split auxiliary belt layer is within a range of 0.90W-1 .20W According 
to this construction , the wearing rate at the tread end portion can be strongly decreased while controlling the occurrence 
of separation failure. 

'1 an .° th ! r preferab,e embodiment of the invention, the split auxiliary belt layer is arranged between the carcass 
and the widest-width belt reinforcing layer. According to this construction, the shearing deformation of the carcass can 
also be surely controlled. 

[ °?k 21 5 1!! 6 ° th , er preferable embodiment of the invention, the split auxiliary belt layer is arranged between the tread 
rubber and the widest-width belt reinforcing layer. According to this construction, the propagation of the shearing de- 
foliation at the tread end portion can be shut off on the way and hence the total amount of the shearing deformation 
is decreased. 

[0013] In a further preferable embodiment of the invention, the inclination angle of the reinforcing element embedded 
in the spirt auxiliary belt layer with respect to the equatorial plane of the tire is within a range of 10°-80° According to 
this construction, the shearing deformation at the tread end portion can be strongly controlled while facilitating the 
shaping of the split auxiliary beft layer. 8 
[0014] m a still further preferable embodiment of the invention, the widthwise inner end portion of the split auxiliary 
belt layer is particularly arranged over the widest-width belt reinforcing layer so as to overlap with the widthwise outer 
end portion of a wider-width belt layer among the belt layers constituting the belt in the radial direction and the rein- 
forcing elements in the split auxiliary belt layer are inclined in the same direction as the reinforcing elements inclined 
in the wider-width belt layer. According to this construction, a part of the split auxiliary belt layer is always existent 
outward from the belt layer and the belt reinforcing layer in the widthwise direction, and also the reinforcing elements 
embedded in the split auxiliary belt layer are inclined in the same direction as the reinforcing elements in the wider- 
width belt layer, so that the shearing rigidity of the split auxiliary belt layer in the circumferential direction has a value 
larger than that of the belt reinforcing layer. As a result, the shearing deformation of the tread rubber in the vicinity of 
the tread end based on the difference in the peripheral length is controlled by the split auxiliary belt layer and the force 
directing toward the braking side in the vicinity of the tread end resulted from such a shearing deformation is reduced 
whereby the irregular wear can be effectively controlled. 

l °V S \ f'f 0 " widthwise outer end of the s P' il auxiliary belt layer is located outward from the widthwise outer 
ends of the belt layer and the belt reinforcing layer in the widthwise direction, so that strain is considered to concentrate 
in the widthwise outer end of the split auxiliary belt layer during the running of the tire under loading. However the 
width of the split auxiliary belt layer is narrower than that of the wider-width belt layer and the widthwise inner end 
portion thereof overlaps with the widthwise outer end portion of the belt layer, so that the split auxiliary belt layer can 
freely deform as compared with the belt layer while subjecting to a restraint by the belt layer to a certain extent As a 
result, strain produced at the widthwise outer end of the split auxiliary belt layer never takes a large value and the 
occurrence of belt end separation at the outer end is controlled. In this case, if the reinforcing elements in the split 
auxiliary belt layer are inclined in a direction opposite to the reinforcing elements in the belt layer there is a fear of 
generating interlaminar separation because the rigidity of the overlapped portion becomes high. In the invention how- 
ever, the fear of increasing the rigidity is prevented by inclination in the same direction 

, ' n tl f n0the / preferable embodiment of the invention, the reinforcing elements in the split auxiliary belt layer are 
parallel to the reinforcing elements in the wider-width belt layer or are inclined in the same direction within a range of 

be effeVtileVcomrolled 6 ' Separati ° n ,ai ' Ure betWe6n the Split auxiliary belt laver and the wider-width belt layer can 
[0017] In the other preferable embodiment of the invention, a width O of an overlapped portion between the split 
auxiliary belt layer and the wider-width belt layer is within a range of 0.03-0.10 times a tread width 2W (W is an axial 
distance from the equatorial plane of the tire to the tread end). In this case, the shearing deformation of the tread rubber 
in the vicinity of the tread end can be effectively controlled while effectively controlling the separation failure between 
the split auxiliary belt layer and the wider-width belt layer. - 

[ ° t °^l „ T/ fUrther preferable embodiment of the invention, a width B of the wider-width belt layer is within a range 
of 0.40-0*5 times the tread width 2W. In this case, the concentration of strain in the widthwise outer ends of the split 
auxiliary belt layer and the wider-width belt layer can be effectively controlled 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0019] 

FIG. 1 is a diagrammatically radial section view of an embodiment of the tire according to the invention. 
FIG. 2 is a partly broken plan view of a tread portion in the tire shown in FIG. 1 . 

FIG. 3 is a diagrammatically radial section view of another embodiment of the tire according to the invention. 
FIGS. 4 and 5 are diagrammatically radial section views of modified embodiments of the tire shown in FIG. 1 , 
respectively. 

FIG. 6 is a diagrammatically radial section view of a modified embodiment of the tire shown in FIG. 3. 

FIG. 7 is a diagrammatically radial section view of the other embodiment of the tire according to the invention. 

FIG. 8 is a partly broken plan view of a tread portion in the tire shown in FIG. 7. 

FIG. 9 is a diagrammatically radial section view of a further embodiment of the tire according to the invention. 
FIG. 10 is a schematic view illustrating a deformation state of a tread portion at a ground contact face. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0020] An embodiment of the invention will be described with reference to the accompanying drawings below. 
[0021] In FIGS. 1 and 2, numeral 11 is a heavy duty pneumatic radial tire mounted onto a truck, bas or the like and 
having an aspect ratio of not more than 0.70. The tire 11 comprises a pair of bead portions 1 3 each embedding a bead 
core 12 therein, sidewall portions 14 extending substantially outward from these bead portions 13 in a radial direction, 
and a tread portion 1 5 of substantially a cylindrical form connecting to radially outer ends of these sidewall portions 1 4. 
[0022] Also, the tire 11 comprises a carcass 18 toroidally extending between the pair of bead cores 12 to reinforce 
the sidewall portions 14 and the tread portion 15, in which both end portions of the carcass 18 are turned up around 
the respective bead cores 12 from an axially inside toward an axially outside. The carcass 18 is comprised of at least 
one carcass ply, one ply in the illustrated embodiment, in which many inextensible reinforcing elements such as steel 
cords extending in the radial direction (meridional direction) are embedded in the carcass ply. And also, a chafer 20 
reinforced with, for example, steel cords is arranged around the carcass 18 in the bead portion 13. 
[0023] Furthermore, the tire 1 1 comprises a belt 24 comprised of at least two belt layers 25 (two layers in the illustrated 
embodiment) arranged at the outside of the carcass 18 in the radial direction. In the interior of each belt layer 25 are 
embedded many inextensible reinforcing elements 26 made of, for example, steel, aramid fiber or the like. The rein- 
forcing elements 26 embedded in these belt layers 25 are inclined at an angle of 10°-60 o , preferably 40°-60° with 
respect to an equatorial plane S of the tire, in which the inclination directions in the at least two belt layers 25 are 
opposite to each other with respect to the equatorial plane S. Moreover, an inner belt layer 25a located inward in the 
radial direction is wider in the width than an outer belt layer 25b located outward in the radial direction. 
[0024] In Fl G. 1 , numeral 28 is a tread rubber arranged at the outside of the belt 24 in the radial direction , and numeral- 
29 a side rubber arranged at the outside of the carcass 18 in the axial direction. 

[0025] The tire 11 having the above structure further comprises at least one belt reinforcing layer 32, two layers in 
the illustrated embodiment arranged at the radially inside of the belt 24 and at the radially outside of the carcass 18, 
i.e. between the belt 24 and the carcass 18 so as to overlap with the belt 24. In the interior of each belt reinforcing 
layer 32 are embedded reinforcing elements 33 extending substantially in the circumferential direction and made of 
an inextensible material such as steel, aramid fiber or the like, in which many reinforcing elements 33 each made of a 
cord (twisting wires) or a monofilament are developed in the radial section of each belt reinforcing layer 32. And also, 
these reinforcing elements 33 are bent in a wavy or zigzag form such as a square wave, a triangular wave or a sign 
wave in a plane parallel to front and back surfaces of each belt reinforcing layer 32 and arranged at the same pitch 
phase. 

[0026] Each of the belt reinforcing layers 32 is formed by helically winding a ribbon-shaped body : in which a small 
number of the reinforcing elements 33 are arranged side by side and coated with rubber, on an outside of the carcass 
18 many times. Here, an outer belt reinforcing layer 32b located outward in the radial direction is wider in the width 
than an inner belt reinforcing layer 32a located inward in the radial direction and the aforementioned inner belt layer 
25a. As a result, the outer belt reinforcing layer 32b is a widest-width layer among the belt layers 25 and the belt 
reinforcing layers 32. Also, the inner belt layer 25a is wider in the width than the inner belt reinforcing layer 32a, so 
that the inner belt layer 25a is a wider-width layer among the belt layers 25 and the belt reinforcing layers 32. 
[0027] As a result, the widthwise outer end 34 of the widest-width outer belt reinforcing layer 32b is located outward 
from the widthwise outer end 35 of the wider-width inner belt layer 25a in the widthwise direction. That is, the widthwise 
outer end portion of the outer belt reinforcing layer 32b located outward from the widthwise outer end 35 of the inner 
belt layer 25a in the widthwise direction is only one layer, and the reinforcing elements 33 in the outer belt reinforcing 
layer 32b extend substantially in the circumferential direction to hardly withstand to shearing force in the circumferential 
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S^Sn*? t K Brin9 ri9idity ^ circumferential direction * both widthwise outer end portions of the outer 
belt reinforcing layer 32b, i.e. at the tread end portion is a very small value 

32 a !S r 3 " 96 " S ° 35 10 ° Ver,aP With b ° th Widthwise outer end P° rti °"= 0' the outer belt reinforcing layer 

dfffeVentVom SS? 'i h3Vin9 " inC ' inati ° n an9 ' 6 W " h r6SpeCt t0 the e " uatorial P' a - * of the tire 

el. n ? , t 0 . the / e ' n oran 9 ele ™"t 33 in the widest-width outer belt reinforcing layer 32b are embedded in 

layer ^JKZSSS.^, 88 " "T" ^ * ^ the reinf ° rCing 6lementS 33 in the oute ' belt rein *>™9 
?n rt „S?« Z „ 6 reinforc,n 9 elernen,s 38 in *e split auxiliary belt layer 36, so that both widthwise outer 

TlTT I W,dest ; W ' dth ° Uter b6lt reinf0rcin 9 la * er 32b are reinf ^ed with the split auxiliary belt layers 36 to 
increase the sheanng ngidrty in the circumferential direction at the tread end portion 

SSL Durin9 / ha ; otation of the tire 11 ha ™9 the above structure, even when a force directing forward in a traveling 
dree , on ,s app ed to the vicinity of the equatorial plane S of the tire and a force directing backward in the rave nq 
direction is apphed to the vicinity of the tread end E as previously mentioned, the shearing deformation at the Sad 
,h f rt eCt,V6| y c ° ntrolled b y the "c of the split auxi.iary belt .ayer 36, whereby the slippage between 

SoS ,n laJ T B T SUrfaCe iS redUC6d t0 d6CreaSe the wearin 9 rate at the tread ^ d portion. 

nn! r L,n 1 ^ ^ be[t **" 36 33 "Atoned above, it is considered that the width of the 

2 wiH,H , ° r , the ° Uter bGlt ' ayer 25b iS made Wider 10 ^er.ap the widthwise outer end portion thereofwSh 
the w,d h Wlse outer end portion of the widest-width outer belt reinforcing layer 32b. In this case, however ^st ain through 
a load s concentrated ,n the widthwise outer end of the widened inner or outer bett layer 25a or 25b to cause belt 
separate between such a belt layer and the outer belt reinforcing layer. On the contrary, according to the'nJention 
a member over apping with both widthwise outer end portions of the outer belt reinforcing layer 32b is constructed with 
the pair of widthwise divided split auxiliary belt layers 36 having a relatively narrow width, so that the conSat'on o" 
strain thmugh the load at the widthwise outer end is mitigated, whereby the occurrence of s^lZZTl^l 

H!L, Tt ! e 'T™ L an , 9 '! ° f th6 rein,orcina e,emente 38 embedded in the split auxiliary belt layer 36 with respect 
to the equatonal plane S of the tire is preferable to be within a range of 1 0-60°. Because when the inclination anote 
JswrthmarangeoflO^O-.theshearing deformation at the tread end portion can be strongly co^SlSffi 
the shaping of the split auxiliary belt layer 36. The reinforcing element 38 is made of an !lten.lbto r^riSSTa! 
steel or aramid f.ber likewise the reinforcing element 26 used in the belt layer 25 

widest wil'o^^ff ' T b ° dir y ent ' SPHt aUXi ' iary b6lt ' ayer 36 iS arra "9 ed between the ca ™<* I 8 and the 
w,dest-w,dth outer belt reinforcing layer 32b so as to overlap with both widthwise outer end portions of the outer belt 

ZcZ? T f J ' n K thiS CaS6 ' def0rmati ° n ° f the Carcass 1 8 itse,f causin 3 the .heS7cSl2«^2 
r0033 T"ZTl e l ^ S ? earin9 d6f0rmati0n 31 the tread Snd b° rti0n can be control mo" s rongfy 
32h L th ! ' 1 P Z th6 SP ' rt aUXiHary b6lt ' ayerS 36 ma V be arran 9 ed betw een the outer belt reinforcing layer 
S , mb K er 2 l 38 Sh ° Wn 10 RG - 3 - thiS CaSe ' ,he P^W**. of the shearing deformation a the S 

[0034] And also, when the axial distance from the equatorial plane S of the tire to the tread end E is W the width H 
S 1 T ^TZ K 6,t 36 iS PreferablS t0 be Within 3 ra "9 e of 010W-0.60W. When the width H is tess than 
SZSl^^r?'? b8lt ' ayer 36 " t0 ° 8nd the -'"'-cement to both widthwise ou er en 

portions of the outer bett reinforcing layer 32b is insufficient, while when it exceeds 0.60W, strain at the widthwise outer 

TOWS 8 PUS ""TC T T 36 beCOmSS ^ 8nd ^ iS 3 ^ ° f ^ lba sepa^ont ^e 
[0035] Further, the axial d.stance M from the equatorial plane S of the tire to the widthwise outer end 36a of the solit 
aux. ary belt layer 36 is preferable to be within a range of 0.90W-1 .20W. When the distance M is ess thar " Low the 
overlapping amount of the split auxiliary belt layer 36 with both widthwise outer end portions of the outer beft i£E£l 
fSS^STS reinf0rCemen, 10 b0th widthwise ™« -d portions is insufficien?^ ^ ^ 22 

i^;Ts:^;ztzi e outer end 36a of the spiit auxi,ia * be,t iayer 36 becomes and ^ - a ^ 

[0036] Moreover, the overlapping amount of the split auxiliary belt layer 36 with a portion of the outer belt reinforcino 
layer 32 b located outward from the widthwise outer end 35 of the inner belt layer 25a in JS^JSSh 
preferable to be not less than 50% of the width of this portion for surely enhancing the rigidityTn th^ TdLmSential 
direction o both widthwise outer end portions of the outer belt reinforcing layer 32b and also the o^ZZToZt 
is preferable to more approach to the widthwise outer end overlapping position 

[0037] Although the widest-width outer belt reinforcing layer 32b is one ply in the illustrated embodiment when the 

TZZXZTZT^ ? r ° f SUCh 3 ' ayer 6Xtend SUbStantia,lv in the eh»r*SSS^ia 
hardly withstand to the shearing force ,n the circumferential direction, two or more plies having equal widths mav be 

he w,dest-w,dth belt reinforcing layertogether. In FIGS. 4-6 are shown examples using the widest-w'dt 

layer 32 comprised of two equal-width plies, respectively. In FIG. 4, the split auxiliary^ belt layer 36*^32^2 
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inside of the belt reinforcing layer 32a located inward in the radial direction. In FIG. 5, the split auxiliary belt layer 36 
is interposed between the two belt reinforcing layers 32a, 32b. In FIG. 6, the split auxiliary belt layer 36 is arranged at 
the outside of the belt reinforcing layer 32b located outward in the radial direction. These tires shown in FIGS. 4-6 are 
modified embodiments of FIGS. 1 and 3 and develop substantially the same effects. 

[0038] Although the belt reinforcing layer 32 is arranged at the inside of the belt 24 in the radial direction in the 
illustrated embodiment, the belt reinforcing layer may be arranged between the belt layers 25 constituting the belt 24, 
or the belt reinforcing layer may be arranged at the outside of the belt layers in the radial direction. In the latter case, 
there is a fear of cutting the reinforcing elements extending substantially in the circumferential direction in the belt 
reinforcing layer by projection input, so that it is preferable to further arrange a protection layer on the outside of the 
belt reinforcing layer in the radial direction. 

[0039] In FIGS. 7 and 8 is shown a modified embodiment of the tire shown in FIG. 1 , wherein the belt reinforcing 
layer 32 is comprised of two widest-width belt reinforcing layers 32a, 32b, and the widthwise inner end portion of each 
of the split auxiliary belt layers 36 is arranged over the belt reinforcing layer 32 so as to overlap with the widthwise 
outer end portion of the wider-width belt layer 25a in the belt 24 laminated on the outside of the belt reinforcing layer 
32 in the radial direction , and the reinforcing elements in the split auxiliary belt layer 36 are inclined in the same direction 
as the reinforcing elements inclined in the wider-width belt layer 25a. 

[0040] In the tire shown in FIG. 7, therefore, a part of the split auxiliary belt layer 36 is always existent outward from 
the widthwise outer ends of the wider-width belt layer 25a and the widest-width belt reinforcing layer 32 in the widthwise 
direction, and the inclined reinforcing elements withstanding to shearing in the circumferential direction to a certain 
level are embedded in the split auxiliary belt layer 36, so that the shearing rigidity in the circumferential direction of the 
split auxiliary belt layer 36 becomes large as compared with that in the widthwise outer end portion of the belt reinforcing 
layer 32. As a result, the shearing deformation of the tread rubber 28 in the vicinity of the tread end E based on the 
difference in peripheral length is controlled to decrease the force directing toward the braking side, whereby the irregular 
wear can be effectively controlled. 

[0041] Further, the reinforcing elements embedded in the split auxiliary belt layer 36 are made of the inextensible 
material such as steel, aramid fiber or the like likewise the reinforcing elements 26 in the belt layers 25a, 25b and 
arranged in parallel to the reinforcing elements 26 or in the same direction within a range of a crossing angle K of -10° 
to +1 0°, so that the concentration of interlaminar strain can be mitigated. Here, "+" means a direction of increasing the 
inclination angle with respect to the equatorial plane S of the tire. When the inclination angle is outside the above range, 
there is caused a fear that the interlaminar strain concentrates in the overlapped portion between the split auxiliary 
belt layer and the belt layer. 

[0042] Also, it is preferable that the width O of the overlapped portion between the split auxiliary belt layer 36 and 
the wider-width belt layer 25a is within a range of 0.03-0.10 times the tread width 2W (W is an axial distance from the 
equatorial plane of the tire to the tread end). When the ratio 0/2W is less than 0.03, the restraint of the split auxiliary 
belt layer 36 by the belt layer 25a becomes insufficient, and the shearing deformation of the tread rubber 28 in the 
vicinity of the tread end E can not be effectively controlled, while when it exceeds 0.10, it is feared that strain is con- 
centrated between the split auxiliary belt layer 36 and the wider-width belt layer 25a to cause separation failure. 
[0043] Moreover, it is preferable that the width B of the wider-width belt layer 25a is within a range of 0.40-0.85 times 
the tread width 2W. When the ratio B/2W is less than 0.40, the width of the split auxiliary belt layer 36 is too wide and 
strain is concentrated in the widthwise outer end 36a thereof, while when it exceeds 0.85, it is feared that strain con- 
centrates in to widthwise outer end 34 of the wider-width belt layer 25a to cause separation failure. 
[0044] FIG. 9 is a modified example of FIG. 7, wherein the widthwise inner end portion of the split auxiliary belt layer 
36 is interposed between the widthwise outer end portion of the wider-width belt layer 25a and the belt reinforcing layer 
32b inward in the radial direction while closing to the above widthwise outer end portion. In this case, there can be 
obtained substantially the same effects as in the embodiment of FIG. 7. 

EXAMPLE 

[0045] In order to confirm the effects of the invention, there are provided 31 test tires having a tire size of 435/45R22.5 
and an axial distance W from an equatorial plane S to a tread end E of 1 85 mm. Among these tires, a tire of a conven- 
tional example has a belt structure shown in FIG. 4 except that a split auxiliary belt layer is not arranged, and a tire of 
a comparative example has the same belt structure as in the conventional example except that one of the belt layers 
has a widest width. On the other hand, tires of Examples 1-29 have belt structures as shown in FIGS. 1-9 provided 
with belt layers, belt reinforcing layers and split auxiliary belt layer having dimensions as shown in Table 1 . 
[0046] Then, each of the test tires is assembled onto a rim of 14.00x22.5, inflated under an inner pressure of 900 
kPa, and mounted onto a driving wheel of a large-size bus of 2-D wheel system. Thereafter, the tire is run on an 
expressway at a speed of 80 km/h under a load of 49.0 kN over 10,000 km. After the completion of the running, worn 
amount on the equatorial plane S of the tire and worn amount on the tread end portion are measured to determine a 
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t , r (mm) ,herebetween Also - the lread ^bber is peeled off from the tire to measure a crack length N (mm) 

ill z rTi 0 rr d of the split auxiiiary beit iayer - These resu,ts are ^ m ™e 1 . m 2 

length N ,n the t,re of the conventional example is a value at the widthwise outer end of the inner be« layer' 
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[0047] As seen from Table 1 , when the width H of the split auxiliary belt layer is within a ranoe of 0 10W 0 BOW tho 
resistance to .rregular wear can be improved without substantially deteriorating the res stanc to separTn Se ^ 
.s unders ood that when the width H is less than 0.10W, the improvement of the resistance to I reguS wear is nsuff 

SI J T- T ^ H 6XCeedS °' 60W ' thS r6SiStanCe 10 separation ,ailure is somewSterioS 
[0048] Also, .t .s understood that when the distance M is within a range of 0.90W-1 20W the res stence to ' 

-zsxz issnszs ^t:^z:™«r ic ^ whi,e when » e — m 

the effect of controlling the occurrence of crack is insufficient. Furthermore, as seen from the resu Z on 2 ,Zi 



INDUSTRIAL APPLICABII ITY 



[0050] As mentioned above, according to the invention, the wearing rate at the tread end portion can be decreased 



Claims 
1. 



3. 



6. 



A Pneumatic tire comprising a carcass toroidally extending between a pair of bead portions a belt arranoed at the 

embed. H T!T * ' ^ °' * ^ tW0 belt la ^ P^ ^SS^Z 

embedded ,n which ayers being crossed with each other with respect to an equatorial plane of Te tire aHealt 

bB l re ' nforci "9 la V er arra "9ed so as to overlap with the belt and extend over a widLise outer end tlereo 
and embedding plural reinforcing elements therein each extending substantially in a ci««nS2?SSti?S2 
bending ,n a wavy or z.gzag form, and a tread rubber arranged at the outside of the belt in the 2? ^! 

oute^ r e rt d 3 P3ir ° f SPHt aUXi,iarV b6,t ,ayerS arS - as to overlLp aUeast ^SSSSZ 

outer end portions of a w.dest-width belt reinforcing layer and comprised of at least one ply contaiSo , Jural 71 
forcing elements embedded therein at an inclination ang.e with respect to the equate" a'p.an diZnt from that' 
of the reinforcing element in the widest-width belt reinforcing layer. aiirereni rrom that 

wiHth e h T tiC T aCC ? rdin9 t0 C ' aim 1 ' Wh6rein When the s P ,il auxiliaf V ° elt 'a/er overlaps with only the widest- 

h of the r T 9 t: r d an axiai distance from the equatoriai p ,ane * * ^jsz*™ rss, 

th i ~ t,f T h ' ^ b6lt ' ayer ' S Within 3 ran9e ° f °- 1 °W-0.60W and a distance M from the equatoriaTp^neTf 
the t.re to a w.dthw.se outer end of the split auxiliary belt layer is within a range of 0.90W-1 .20W 

s::: ssssj^ wherein the split auxi,iary be,t ,ayer is arranged between the — and 

z£^^^X*r n " SP,it aUXNi ^ ^ ^ iS ^ — ^ tread rubber 

l P h^H tiC T a r rd ' n , 9 10 any 006 ° f daimS 1 t0 *• wherein an inclinati °n «ngle of the reinforcing element 
embedded ,n the split auxiliary be,t layer with respect to the equatorial plane of the tire is within a range of « 

A pneumatic tire according to claim 1, wherein a widthwise inner end portion of the spirt auxiliarv belt i™»r i« 

%2S^!!? Wid6St " Wi ? b6lt rein,0rCm9 ' ayer S ° 38 t0 ° verla P ^ the <*2LE ou e end PomoTof a 
w,der-w,dth belt layer among the belt layers constituting the belt in the radial direction and the reinforcing ^IZLt 
m the sp„t auxiliary belt layer are inclined in the same direction as the 
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width belt layer. 

A pneumatic tire according to claim 6, wherein the reinforcing elements in the split auxiliary belt layer are parallel 
to the reinforcing elements in the wider-width belt layer or are inclined in the same direction within a range of +1 0° 
to -10°. 

A pneumatic tire according to claim 6, wherein a width O of an overlapped portion between the split auxiliary belt 
layer and the wider-width belt layer is within a range of 0.03-0.1 0 times a tread width 2W (W is an axial distance 
from the equatorial plane of the tire to the tread end). 

A pneumatic tire according to claim 6, wherein a width B of the wider-width belt layer is within a range of 0.40-0.85 
times the tread width 2W. 
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FIG. 8 
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